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Miniature Piezoelectric Accelerometer 


HE National Bureau of Standards has recently de- 

veloped a miniature piezoelectric accelerometer that 
measures high-frequency vibrations directly and also 
checks the frequency response of vibration generators. 
Although the device is extremely small, it is in many 
ways superior to instruments now used to measure 
mechanical vibration and shock. Its construction is 
so simple that it can be produced for only a fraction 
of the cost of a conventional vibration pickup. 

The new accelerometer, which employs a piezoelec- 
tric compressive element, was developed by L. Fleming 
and k. J. Regan under the NBS program of Basic In- 
strumentation sponsored jointly by the Departments of 
the Navy and the Air Force and the Atomic Energy 
Commission. This work is one phase of a broad in- 
vestigation directed toward extending the range and ac- 
curacy of dynamic mechanical measurements. 

The piezoelectric compressive pickup is designed to 
detect a variety of vibratory movements. As an ex- 
ample, the unit responds to the characteristic vibration- 
frequencies generated by faulty bearings in an electric 
motor. The accelerometer is equally useful for cali- 
brating other vibration pickups, shake tables, and low- 
frequency noise-detecting devices. It is not primarily 
intended to sense seismic, aircraft, or vehicular accel- 
erations. 

Although piezoelectric crystals have been used in the 
past as sensing elements in mechanical shock experi- 
ments, practical difficulties have prevented their wide 
adoption. However, recent developments in the field 
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of ceramics have made available piezoelectric materials 
that are both sensitive and easily fabricated. One of 
these, barium titanate (BaTiO;), is used in the Bureau’s 
piezoelectric compressive acceleration pickup. 

A typical NBS pickup is composed of a ceramic disk 
1) inch thick and %¢ inch in diameter, stacked between 
a suitable base and a block of metal used for mass- 
loading the disk. The complete unit weighs less than 
one-tenth of an ounce. As a result of the “stacking”, 
any acceleration imparted to the base produces a pro- 
portionate change in pressure on the piezoelectric disk 
tightly confined by the mass-loading block. 

The voltage generated is proportional to the accelera- 
tion of the device being measured and is independent 
of its characteristic frequency up to the mechanical res- 
onance of the accelerometer. This resonance has been 
extended to above 20,000 cycles per second by using a 
small and rather monolithic structure. As a voltage 
source, this particular pickup has an almost purely 
capacitive internal impedance of about 500 micromicro- 
farads and a sensitivity of approximately 2 millivolts 
per g. 

Calibration measurements indicate that the accel- 
erometer has a response flat within 20 percent over the 
range 50 to 6,000 cycles per second, and rising to a 
slight peak between 10,000 and 18,000 cycles per sec- 
ond. The peak appears due to calibration difficulties 
rather than to the property of the accelerometer. 

The base of the pickup is machined from brass and 
has two integral threaded studs, the upper one for hold- 
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ing the components together, and the lower for attach- 
ing the instrument to the vibrating body being meas- 
ured. Stacked upon the assembly stud is the barium 
titanate disk, a brass cylinder for mass-loading, and a 
nut and washers for holding the parts together. A 
sleeve and washer serve to insulate the brass mass from 
the base. 

In order to provide electrical connections, both faces 
of the barium titanate disk are coated with a silver 
paint; the ceramic is then baked in a furnace at 1,300° 
C for about 15 minutes, and finally it is polarized, or 
sensitized. This last process is accomplished by cool- 
ing the material through its Curie point of 120° C while 
a direct-current potential gradient of about 10,000 volts 
per centimeter is maintained between the faces of the 
disk. The voltage is applied through a pair of con- 
ductors that are soldered to the insulated mass and 
whose bases bear against the upper and lower silvered 
faces of the disk, respectively. 

Barium titanate accelerometers may be ccenstructed 
in any reasonable size. Their sensitivity varies di- 
rectly with the thickness of the ceramic disk and the 
mass-loading block above it; the capacitance varies 
directly as the disk area and inversely with the thick- 
ness. It should be noted, however, that the smaller 


units are more efficient because the usable sensitivity 


per unit weight of the accelerometer increases as its 
size is scaled down. 
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A disk of barium titanate, one of the newer ceramics, is 
the sensitive element of the miniature piezoelectric 


accelerometer. Although the device is extremely small 
(a typical accelerometer, with a ceramic disk 14¢ inch 
thick and 3 inch in diameter, weighs less than 140 
ounce), it is in many ways superior to instruments 
now used to measure mechanical vibration and shock. 
Note small accelerometer mounted on vibrator (above). 


New Miniature 
Intermediate-F requency 


Amplifier 


Subassemblies embodying all inductors, all 

capacitors, and all tube shields make the NBS 

Model VI miniature i-f amplifier simple in 
design and easily producible. 


SEVEN-TUBE miniature intermediate-frequency 
amplifier recently developed at the National Bu- 
reau of Standards embodies several innovations in elec- 
tronic miniaturization technology. Particular em- 
phasis is placed on the use of preassembled groups of 
similar circuit elements to simplify production. De- 
veloped by Robert K-F Scal and associates of the NBS 
engineering electronics laboratory, the Model VI i-f 
amplifier is a product of a continuing comprehensive 
program of electronic miniaturization. This program 
is supported principally by the Navy Bureau of Aero- 
nautics and, for particular equipments, by the Bureau 
of Ordnance. 

Size reduction of electronic equipment is becoming 
increasingly important for many applications, partic- 
ularly in military equipment. Electronic miniaturiza- 
tion activities initiated at NBS by the Department of the 
Navy have already produced a number of advances in 
printed circuit technology, and techniques for reducing 
size to what at present seems a practical minimum have 
been demonstrated. The Model VI amplifier was de- 
veloped, not to effect further substantial size reduction, 
but rather to work out designs for maximum simplicity, 
flexibility, and ease of manufacture. 

The extent to which the goals of simplicity and ease 
of fabrication have been attained is indicated by the 
fact that the Model VI amplifier requires only 40 con- 
struction drawings as compared to twice that number 
for its immediate predecessor, the Model V.  Attain- 
ment of these design goals centered around the use of 
separate subassemblies, each consisting of a preas- 
sembled group of identical or similar circuit elements. 
Model VI design, suitable for center frequencies rang- 
ing from 20 to 100 megacycles, is flexible also in its 
adaptability to different types of components; for in- 
stance, three resistor types and two capacitor types can 
be accommodated. Components were not restricted to 


(1) Tube shield subassembly; (2) amplifier chassis; (3) clips for tube 
shield subassembly; (4) capacitor subassembly, multiple glass 
dielectric type; (5) common ground leads for triple capacitor sec- 
tions; (6) steatite inductor mounts; (7) solder points connecting 
ground leads to metallized surface of inductor mounts: (8) resistors 
(cracked carbon on steatite, high-temperature miniature type); 
(9) power, control, and signal leads; (10) chokes (lower row, plate 
supply chain; center row, heater supply; upper row, automatic gain 
control chain); (11) inductor, bifilar-wound on powdered iron core. 


those hitherto available; when standard components 
were found wanting, new ones were designed after con- 
sultation with manufacturers to insure that the new 
units would be adaptable to straightforward fabrica- 
tion. Designed to be hermetically sealed for protec- 
tion against contamination and moisture, the new am- 
plifier uses components and materials that are capable 
of withstanding the high operating temperatures (up to 
200° C) found in compact sealed equipment. 

The capacitor, resistor, and tube-shield subassem- 
blies are fastened to the inductor subassembly, which 
thus serves as the main chassis of the amplifier. The 
inductor subassembly comprises input and output trans- 
formers and six bifilar inductors fitted inside holes in 
eight ceramic blocks. The outer surfaces of the blocks 
are metallized by applying silver paint and firing. Be- 
sides providing electrical shielding for the inductors, 
this metallizing permits soldering the eight blocks to 
the chassis to make up the unitized subassembly. 

The inductors themselves are wound on tubular 
powdered iron cores having ferrite rods at their centers. 
Trimming is accomplished by sliding the rods in or 
out. After the length of insertion has been adjusted, 
the rod is cemented in place and the protruding end 
broken off. 

The preferred capacitor subassembly is of a new 
glass dielectric type. Seven groups of three capacitors 
(heater, plate-supply, and automatic-gain-control by- 
pass) are encased in a single sealed and insulated glass 
unit. Common ground leads for each group of three 
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are brought out from one edge of the unit, while the 
other leads extend through the opposite edge. This 
capacitor subassembly combines compactness with high 
dielectric strength and ample capacity (about 1,500 
micromicrofarads per capacitor). Since the capacity- 
temperature coefficient and the losses are low, capacitors 
of this type could be used for tuned circuit as well as 
bypass applications.* 

Because the multiple glass-dielectric capacitor sub- 
assembly was developed specially for Model VI and is 
not yet in production, an alternative capacitor subas- 
sembly was designed. This unit uses capacitors con- 
sisting of high-K ceramic tubes of 0.100-inch outer di- 
ameter silvered inside and outside. The outside plates 
are grounded directly by soldering the tubes to the sub- 
assembly chassis sheet, while metal inserts soldered 
inside the tubes provide the inner plate connections. 

Three types of resistors may be used with the ampli- 
fier. The NBS tape or printed type seems most promis- 
ing, since all resistors may be applied and fired on a 
single ceramic subassembly plate. Because all the re- 
quired tape resistance values are not yet available, how- 
ever, variations of the Model VI constructed so far have 
used separate resistors rather than a single subassembly. 
These have been either conventional 14-watt carbon 
composition resistors or the cracked-carbon-on-ceramic 
type. Of these two types the latter is preferable for 
high-temperature operation but is somewhat fragile in 
small sizes. 

The remaining subassembly comprises the tube 
shields. Thin brass tubes, 1°% inches long and 0.400 
inch in diameter, are placed side by side and joined in 
a single jigged soldering operation. Spring fingers 
on the main chassis hold the resulting shield subas- 
sembly in place over the tubes. 

Final assembly of the Model VI is a rather simple 
matter. After the subassemblies have been combined 
only the tubes and r-f chokes remain to be added, and 
also the resistors if a unitized resistor subassembly has 


Two alternative cases were built for the Model Vi ampli- 
fier. The plug-in type Cillustrated) facilitates replace- 
ment, but the plugs add an extra inch of length. 
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The inductor subassembly serves also as the main chassis 
of the Model VI amplifier. The inductors are mounted 
in silvered steatite blocks, which are soldered in a row 
to the chassis. 


not been used. The seven tubes are of a single type, 
the 5702, although other types might have been used. 
The chokes, used in chains in the plate, heater, and age 
voltage supply lines, are wound directly on ferrite cores 
3 inch long and 14¢ inch in diameter. To withstand 
high temperatures, “Ceroc-200” insulated wire 
(Sprague Electric Co.) is used for the chokes as well 
as for the inductors. 

Wiring is simple and accessible. Since the layout 
makes possible extremely short connections, compo- 
nent leads are used exclusively. A high melting point 
solder of 95-percent tin and 5-percent silver was used 
throughout except for the case assembly; for this, a 
silver solder was used to give greater mechanical 
strength. 

Many types of circuits could of course be adapted 
to some or all of the design features of the Model VI 
amplifier, and the circuitry used in the developmental 
model is not particularly significant. In the develop- 
mental model the first two tubes, comprising a low- 
noise input circuit, were triode connected and were fol- 
lowed by five tuned pentode stages. Over-all band- 
width was about 3.5 megacycles with a center frequency 
of 30 megacycles, while gain was about 120 decibels. 
Input and output of the amplifier were transformer- 
coupled to coaxial cables. 

Alternative plug-in and non-plug-in cases were de- 
signed for the Model VI. In the plug-in case assembly 
all connections are made to the amplifier through two 
plugs, one at each end of the case, while in the non- 


plug-in case assembly the power and signal cables are 


*These capacitors were developed and manufactured 
by Corning Glass Works in accordance with specifica- 
tions submitted by NBS. 


For information concerning an earlier NBS miniature 
i-f amplifier, see NBS Tech. News Bull. 33, 46 (April 
1949). Detailed descriptions of several early i-f models 
are contained in Electronic miniaturization, OTS Report 
No. PB-100949, available from Office of Technical Serv- 
ices, Department of Commerce, Washington 25, D. C., at 
$4.75, 189 pp. The NBS miniature low-frequency radio 
receiver and the NBS high-temperature adhesive tape 
resistor are described on pages 68 and 100, respectively, 
of NBS Tech. News Bull. 35 (May, July 1951). See 
also, New techniques for electron’c miniaturization, by 
R.L. Henry, R. K-F Scal, and G. Shapiro. Proc. IRE 38, 
10 (Janwary 1950). 


wired directly to the amplifier. The plug-in unit meas- 
ures 2145 by 248 by 484 inches in length, while elimi- 
nation of the plugs reduces the length to 3°4 inches. 

The NBS Model VI miniature i-f amplifier thus com- 


bines easier producibility, principally through the use 


of subassemblies, with the great compactness of previ- 
ous NBS electronic miniaturization developments. The 
techniques and components embodied in the Model VI 
amplifier are, of course, adaptable to other electronic 
equipment. 


Recent Ceramic Coatings for High-Temperature 


Alloys 


eos coatings recently developed by the Na- 
tional Bureau of Standards are substantially in- 
creasing the service life of high-temperature alloys, par- 
ticularly in the exhaust systems of aircraft. Most suc- 
cessful and widely used of these coatings is NBS 
ceramic coating A417, which has been in commercial 
production since early 1950. The new protective ma- 
terial was developed by William N. Harrison, Dwight 
G. Moore and associates of the NBS staff, under the 
sponsorship of the National Advisory Committee for 
Aeronautics. The coating is applied by spraying or 
dipping and is then fired for a few minutes at 1,850° F. 

Ceramic coatings are applied to heat-resistant alloys 
for protection against such forms of deterioration as 
scaling and intergranular corrosion. Uncoated alloys 
suffer mostly from the chemical action of hot corrosive 
gases—particularly oxygen, lead bromide, sulfur com- 
pounds, and hydrocarbons. The erosive effect of the 
gases impinging on the alloys at high velocity seems 
also to be a factor in certain types of service. 

The enameled metals laboratory at NBS has been 
working on ceramic coatings for metals since 1942, and 
the newer A-417 is not the first NBS coating to have 
been used extensively. NBS ceramic coating A-19, 
first described to the armed services by NBS in June 
1943, was developed particularly for use on low-carbon 
steels. A—19 has been used regularly in military air- 
craft production since 1944 and has been adopted with 
slight modifications for a variety of nonmilitary appli- 
cations. 

In 1945 the NACA joined with NBS to expand the 
ceramic-coating research program. Because the better 
heat-resisting alloys in aircraft contain substantial 
amounts of scarce alloying elements, the NACA was 
particularly interested in development of coatings to 
extend the service life of hot-operating parts made of 
these alloys. The A-417 coating is the most widely 


TaBLeE 1. Raw batch composition and computed oxide composi- 
tion for frit 331 used in NBS ceramic coating A—417 


Raw batch composition 4 Computed oxide composition ¢@ 
Blint (SiQa)....4:..... 38.00 iL 8 ok foil, patnent eny Meee 38.0 
Barium carbonate..... 56. 63 BaQ rete a niente: 44. 0 
Bone aerdtia. 2 Ane ec.* « 11.50 Bi Oatenressne sates, ieromtats 6.5 
Calcium carbonate... . 7.14 GaQ See ee rec ieeoare 4.0 
Beryllium oxide..... P 2.50 TREO Mean comen ieahpeh eat PE 
ZANCYOXIOe sa Hes te ah 5. 00 ENO SA errs cote he 5.0 

PANE 17 100. 0 


2 Parts by weight. 


used development of the NBS—NACA program thus far. 

NBS coating A-417 is composed of a high-barium, 
alkali-free frit (glass) with a 30-percent admixture of 
chromic oxide. The composition was selected on the 
basis of laboratory experiments in which a variety of 
compositions were studied, and the effect of various 
chemicals on heat-resisting alloys was evaluated. 

The coating is applied in the form of a water suspen- 
sion, or “slip”, and then fired. The result is a smooth, 
uniform, green-colored finish in controlled thicknesses 
between 0.001 and 0.002 inch. Thus far the coating 
has been used mainly with Inconel and 19-9DL. It 
has also been applied successfully to HS—21, S—816, and 
18-8; and indications are that it can be used success- 
fully with any of the common heat-resisting alloys. 


TaBLE 2. Composition of coating slip (mill batch), NBS 
ceramic coating A—417 
Parts by weight 
HEN atts tH (RS Sn SS oe cng tray AERO A eR emo cae 70 
Chromic oxide (commercial)..................... 30 
Hnameler’s clavate ct, aah eee 5 
BW el CON: Bo crause ein eke peus (abe tos shep so, wae sear toy saaieneonnere nano 48 


4 See table 1. 


Preparation and Application of A—-417 


In making the frit, the ingredients (table 1) are first 
smelted for several hours at 2,425° F in either a 
crucible or a rotary or stationary furnace. A high- 
alumina refractory is desirable for the pot or lining 


material. After smelting, the molten mass is poured 
slowly into water. This shatters the glass into small 
fragments. To this frit are added chromic oxide, 


enameler’s clay, and water (table 2). The mixture is 
then ground in a ball mill for several hours (table oe 
The result is a fine water suspension, in which the clay 
acts as the floating agent. 

Metal-deformation tests have shown that A417 
gives excellent adherence with proper processing. 
Thorough cleaning of surfaces to be coated is par- 
ticularly important for best adherence. Although 
chemical cleaning with dilute acid (pickling) will give 
moderately good adherence, sandblasting gives best 
results. Fifty- or 60-mesh foundry sand works well 
when used with 60 to 80 pounds air pressure. Steel 
grit is not recommended, and overblasting should be 
avoided, especially on alloys sensitive to work harden- 
ing. Properly blasted metal surfaces have a satiny 
appearance. Oil and grease, either from handling 
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NBS ceramic coating A—417 is extending the service life of aircraft exhaust systems. 


the A—417-coated exhaust collector (left) is still in satisfactory condition. 


After 873 hours in service, 
Heat exchangers (installed with cover 


plate right; an earlier design with cover off, center) used in a large bomber to supply heated air for de-icing are 


now being coated with A—417 in regular production. 


(Pho:os courtesy of (left) Ryan Aeronautical Co. and (right) 


Consolidated Vultee Aircraft Cerp.) 


or from oil in the air supply, must be scrupulously 
excluded. 

The right consistency of the slip is important for 
uniform coating, and prior to use the slip is adjusted 
to the proper specific gravity by adding water (table 
3). For spray coating, several commercial spray guns 
are suitable when equipped with the smaller hard-alloy 
nozzles and operated at an air pressure of 50 pounds 
per square inch. ‘The rate of spraying is carefully reg- 
ulated. When the sprayed surface “wets over” with 
slip of the proper specific gravity, a coating thickness 
after drying of about 0.001 to 0.002 inch results. 

Surfaces inaccessible for spraying may be coated by 
dipping the entire object. In the case of some items 
now in production, however, a similar result is accom- 
plished more readily by flowing the coating slip onto 
inner surfaces from a flexible hose. The work is then 
agitated and inverted several times to drain off the ex- 
cess. Although the desired final coating thickness is 
normally the same with dipping as with spraying, the 
slip must be adjusted to a different specific gravity to 
give this result (table 3). 

The wet coating must be dried and then fired by 
heating it to 1,850° F in a furnace for 3 to 10 minutes, 
the time depending on the size and weight of the coated 
article and on the furnace characteristics. The work 
is then withdrawn from the furnace and allowed to cool 


Taste 3. Milling and coating recommendations for NBS 
ceramic coating A—417 
Milling............] 4 hours in 1-gallon ball mill with 1,050 grams 

of dry material, 480 grams of water, and 
ate grams of l-inch diameter porcelain 
alls. 
Milling fineness. ...| Trace to 0.4 gram on a No. 200 screen, using 
4 : 50-milliliter sample of slip. 
Particle size after | Largest particle: 80 microns; smallest particle: 
milling. 1 micron; apparent average (numerical 
oR Oh : count): 8 to 10 microns. 
Specific gravity of | For dipving: 1.80 to 1.94; for spraying: 1.66 
slip. to 1.70 


146 


to room temperature. The high firing temperature 
makes A-417 unsuitable for ordinary low-carbon 
steels; distortion and warpage would be excessive on 
all but the simplest shapes. Also because of the firing 
temperature, an alloy with low oxidation resistance 
may present a problem; if an excessive amount of 
oxide forms before the coating fuses, the coating will 
be incapable of dissolving the excess, and adherence 
will be defective. This trouble can be avoided by 
controlling the furnace atmosphere. 


Tests and Service Experience 


The value of NBS coating A-417 has been established 
both by laboratory tests and by substantial service 
experience. Metallographic examination of test speci- 
mens shows that the A-417 coating retards carbon 
absorption from exhaust gases of high fuel-air ratios, 
corrosion from lead compounds present in the exhaust 
stream, and oxidation of exterior surfaces in contact 
with the air. At the same time, A-417 coatings have 
good resistance to high-temperature flow; have high 
resistance to thermal shock; adhere well, even after 
long heating at temperatures up to 1,650° F’; and cover 
edges and welds effectively. 

In one laboratory test, A—417-coated Inconel was 
heated 500 hours at 1,650° F in air. The coating re- 
tained most of its initial properties; the adherence was 
almost as good as before heating, although there was 
some loss of gloss. There was no “burn-off”, “copper- 
heading”, or blistering. 

For over a year, Inconel heat exchangers used in the 
exhaust system of a large bomber to supply heated air 
for de-icing have been A-417-coated in regular pro- 
duction. Uncoated heat-exchanger parts had _pre- 
viously been failing after only a short time under some 
service conditions, apparently because of intergranular 
corrosion. Since making design changes and coating 
the exchangers with A417, the manufacturer reports 


periods of trouble-free service many times as long. 
Indications are that the A—417 coating is contributing 
substantially to this improved life. Since design 
changes were also made, though, further service tests 
are being conducted to determine accurately what por- 
tion of the multifold increase in life is attributable 
to the A-417. 

Success of the A-417 coating with heat exchangers 
has led to other exhaust-system applications. Service 
tests by commercial airlines have shown that life ex- 
pectancy of exhaust collector parts is increased by the 
A-417 coating, and coated exhaust system parts are 
now being produced in substantial quantity. 

1-40 gas turbine blades coated with A417 have 
given encouraging results in accelerated laboratory 
tests, although data are limited. Even at high tem- 
peratures, the coating seems notably free from flow 
due to centrifugal force. 

There has already been enough service experience 
with NBS ceramic coating A—417 to establish its value 
in extending the life of high-temperature alloys. Fur- 
ther service tests now under way, carefully designed 


to eliminate undesired variables, will ultimately yield 
additional quantitative data. 

Other coatings recently developed by NBS show 
promise for some applications. For instance, several 
coatings, one of them a chromium-frit type, appear to 
have value for high-temperature protection of molyb- 
denum. Another ceramic-metal coating, laboratory 
tests indicate, prolongs the life of certain ceramal 
(ceramic-and-metal) materials; these ceramals show 
great promise for severe operating conditions such as 
those encountered by turbine blades. Still another 
coating, LOAC, is being used successfully as an ad- 
hesive for mounting strain gages for high-temperature 
strain observations. 

Additional work at NBS on ceramic coatings for pro- 


tecting metals at high temperatures has been reported in 
the following: 


Ceramic coatings prevent exhaust-gas corrosion, VBS 
Tech. News Bull. 35, 89 (June 1951). 

High temperature ceramic coatings for molybdenum, 
NBS Tech. News Bull. 32, 125 (November 1948). 

Coatings for high-temperature protection of steel, by 
William N. Harrison, Dwight G. Moore, and Joseph C. 
Richmond, J. Research NBS 38, 293 (1947) RP1773. 


Determination of Magnesium in Cast Iron 


DDITION of small amounts of magnesium to cast 

iron has received increasing attention recently 
because it imparts desirable ductile qualities to the 
iron, apparently by producing a nodular or spheroidal 
eraphite structure. Because a variable part of the 
added magnesium is lost during the production of the 
cast iron, the final magnesium content must be deter- 
mined by chemical or spectrographic analysis. 
Although spectrographic methods are quicker for 
routine examination, a suitable chemical method is 
needed, both for checking spectrographic standards 
and for use in laboratories not equipped for spectro- 


eet 


The magnesium content of nodular cast iron is deter- 
mined by a chemical method in which the iron is removed 
from the sample, at an early stage of the analysis, by 
extraction with ether. 


chemical methods. An answer to this need is offered 
by a chemical method developed recently by John L. 
Hague and James I. Shultz of the NBS analytical 
chemistry laboratory. 

In this method, the cast iron sample is dissolved in 
hydrochloric acid and the iron removed, after oxida- 
tion, as the chloride by ether extraction in a continuous 
extractor. Magnesium, together with part of the 
manganese, is then precipitated as phosphate from an 
ammoniacal citrate solution. After dissolving the 
phosphate precipitate in diluted acid, the manganese 
is removed by precipitation with ammonium persulfate 
as manganese dioxide. The magnesium is then pre- 
cipitated as the phosphate, ignited, and weighed as 
magnesium pyrophosphate (Mg,P,0,). Finally, the 
weighed pyrophosphate precipitate is examined for 
calcium by the sulfate-ethanol procedure, and any 
necessary weight correction is made. 

The reliability of the method was checked by making 
a number of determinations on several NBS standard 
samples of iron to which had been added known quanti- 
ties of magnesium. Between 0.01 and 0.10 percent of 
magnesium was added, the usual range in nodular cast 
iron. Calcium and cerium was also added to a few 
samples, as calcium may be present in some cast irons, 
and as cerium is sometimes added to induce a nodular 
structure. Results indicate that the NBS method for 
determination of magnesium in cast iron is applicable 
to most plain or low-alloy irons, and also that moderate 
amounts of calcium and cerium do not interfere. 
Accuracy of the order of 0.002 percent of magnesium 
was indicated for the range investigated. 

For further technical details, see Determination of 

magnesium in cast iron, by John L. Hague and James I. 


Shultz, The Foundry 78, No. 10,92 (October 1950) . 
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Beam Intensification ina Hig¢h- 


Voltage Oscillograph 


+1800 V 


4 
TIME , asec 


NEW technique developed by J. H. Park of the 

NBS electrical instruments laboratory increases the 
“writing speed” of a high-voltage oscillograph to 
three-fourths the velocity of light. High intensifica- 
tion of the electron beam is obtained momentarily by 
superposing a steeply rising voltage pulse on the steady 
voltage applied to the discharge tube of the oscillograph. 
The resultant increase in the intensity of the trace 
makes writing speeds up to 9,100 inches per micro- 
second easily visible. These high writing speeds can 
be used to study rapidly varying electrical surges, such 
as those caused by lightning discharges, and to learn 
more about the insulation breakdown produced by the 
surges. 

Insulation breakdown due to lightning discharge is a 
frequent cause of power outages and failure of electrical 
equipment. Thus, for development of insulation de- 
signs, as well as for routine tests on high-voltage com- 
ponents, most manufacturers of such equipment now 
maintain surge generators that enable them to produce 
in the laboratory electrical surges having the same volt- 
age and current magnitudes as those occurring on 
transmission lines as a result of natural lightning. 
During a thunderstorm an electrical system may ex- 
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perience surges rising to a million volts or a hundred 
thousand amperes in less than one millionth of a sec- 
ond. For measurement of such rapid changes in cur- 
rent or voltage when they are artificially produced, 
special high-voltage cathode-ray oscillographs are used 
in which a cold-cathode discharge tube is the source 
of the electron beam. Part of the beam passes through 
a small hole in the center of the anode of the discharge 
tube into the main chamber of the oscillograph. Here 
the electrons pass through a beam trap, focusing coils, 
deflecting and sweep plates, and finally strike a photo- 
graphic film or fluorescent screen. A pulse of increas- 
ing voltage applied to the sweep plates moves the elec- 
tron beam horizontally across the film, providing a 
time axis. The voltage pulse to be studied, after being 
reduced in magnitude by a suitable divider, is applied 
to the deflection plates and causes deflection of the beam 
perpendicular to the time axis. This deflection, in 
combination with the sweep, leaves a trace on the film 
which in effect is a plot of voltage against time for a 
particular surge. A corresponding plot of current 
against time can be obtained by using a shunt in place 


~ of the divider. 


Left: Oscillogram showing superposed voltage pulse, Ea, 


In order to have a readable photographic record of 
the steeply rising front of the surge, it is necessary 
to use a very high-intensity electron beam for record- 
ing fast phenomena. Several methods have been used 
to increase the beam intensity, and thus the writing 
speed, of this type of oscillograph. For example, some 
workers have used prefocusing coils around the dis- 
charge tube, others have reshaped the electrodes or 
employed different gases in the discharge tube. None 
of these methods, however, has been entirely success- 
ful, and until now the normal writing speed of the 
instrument has been only about 200 inches per micro- 
second. As part of a general program of basic 
instrumentation sponsored at NBS by the Office of 
Naval Research, the Office of Air Research, and the 
Atomic Energy Commission, the Bureau therefore 
initiated the development of a more effective technique 
for intensifying the beam. The resulting method 
increases the beam intensity by as much as 50 times 
the steady value. 

In the NBS method, a momentary pulse having a 
peak value of about 2,000 volts is superposed on the 
steady direct-current voltage of 50 kilovolts normally 
applied to the discharge tube. The pulse should be of 


Y 


CRO Chomber 


and current through the discharge tube, ia, during momen- 
tary beam intensification. 
ness at 1 microsecond illustrates the beam intensification. 


The sudden increase in bright- 


Center: 100,000-ampere current surge photographed in the 
NBS high-voltage laboratory. 
ured on a high-voltage oscilloscope in parallel with the 


The current pulse is meas- 


tubular shunt beneath the table. 
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Above: Circuits used to increase the “‘writing speed” of a 

high-voltage cold-cathode oscillograph. 

ing speed of 9,100 inches per microsecond (three-fourths 
the velocity of light) has been obtained. 


A maximum writ- 


short duration, down to 5 microseconds, and it must 
produce a sudden increase in the voltage across the 
tube in one-half microsecond or less. This sudden 
change in voltage, even though it is only 2 percent of 
the steady voltage across the discharge tube, momen- 
tarily disrupts equilibrium conditions in the tube and 
produces a greatly intensified electron beam for about 
2 microseconds. The increased beam current lasts for 
such a short time that it does not appreciably increase 
the heat developed in the discharge tube or “burning” 
at the cathode. However, its duration is such that by 
careful synchronization with the start of the sweep 
it can be used to obtain the greatly intensified beam for 
total sweep times of 1 microsecond or less as desired. 

Two principal methods for applying the pulse have 
been developed and used by NBS. In one method a 
current pulse is passed through a resistor placed be- 
tween the anode and the ground return lead. This 
causes a similar voltage pulse across the discharge tube, 
which results in a sharp increase in the intensity of the 
electron beam. In the other method, the cathode is 
connected to one terminal of a small high-voltage capac- 
itor, and the other terminal is connected to ground 
through a resistor. By means of the steady direct- 
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The maximum writing speed computed from this oscillo- 
gram is 9,100 inches per microsecond (three-fourths the 
velocity of light). Extremely rapid changes in voltage 
(vertical axis) were produced by charging the deflecting 
plates of the oscillograph to a high voltage and then 
allowing them to discharge through very short leads. 


current voltage on the cathode, this capacitor is charged 
to 50 kilovolts, and when a current pulse is passed 
through the resistor, the cathode voltage is immediately 
changed by the drop through the resistor. This pro- 
duces a very rapid change in the intensity of the beam. 

A method of synchronizing the start of beam intensi- 
fication with the start of the sweep has been devised by 
NBS and employed successfully with sweep speeds up 
to 60 inches per microsecond. These fast sweeps were 
used to obtain records of the veltage oscillations occur- 
ring when the deflecting plates were short-circuited after 
being charged to a high voltage. Although this pro- 
cedure deflected the electron beam from the top to the 
bottom of the film record in about the shortest time pos- 
sible, a readable trace was still recorded on the film, 
and this trace was found to correspond to a “writing 
speed” of 9,100 inches per microsecond (three-fourths 
the velocity of light). 

Writing speeds greater than the speed of light could 
probably be obtained by the NBS technique if the de- 
flecting system of the oscillograph were designed with 
this objective in mind. Since the current in the dis- 
charge tube is maintained at a low steady value except 
for the very short time required to obtain the record, 
the problems of beam adjustment and life ef cathode 
become of minor importance. In addition to its use 
with the high-voltage oscillograph, the new NBS 
method should provide a useful tool for research in 
atomic physics wherever an electron beam of high mo- 
mentary density is required. 


For further technical details, see A fifty-fold momen- 
tary beam intensification for a high-voltage cold-cathode 
oscillograph, by John H. Park, J. Research NBS 47, 87 
(1951) RP2231. 


Photoelectric Interferometer for High-Polymer 
Research 


OS photoelectric interferometer recently 
developed by Dr. R. N. Work of the National 
Bureau of Standards greatly simplifies the determina- 
tion of transition temperatures in natural and synthetic 
rubbers and other high polymers. The fully automa- 
tic instrument observes and plots the varying length 
of a polymeric sample against temperature over 
the “range ‘from, — 1857) to wel G> Ce sl ransition 
temperatures are then readily obtained as discon- 
tinuities in the plotted curve or in its slope. 

The new interferometer was developed in connection 
with a broad program now under way at NBS that has 
as its objective the design of new polymers having 
specified characteristics. A knowledge of the tem- 
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peratures at which transitions take place in these mate- 
rials is needed in order to predict the temperature range 
over which a given polymer will have useful mechani- 
cal properties. An important current phase of the 
program which is being sponsored by the Office of 
Naval Research relates to the development of low- 
temperature rubbers for use in the arctic or in high- 
altitude flight. Rubbers become brittle or stiff as they 
undergo transitions at low temperatures, and NBS is 
seeking data that will aid in relating these changes to 
the molecular structure of the rubbers. 

Several years ago the Bureau applied the inter- 
ferometer to the location of transition points, using 
it to measure changes in the length of a polymeric 


specimen with varying temperature. In this type of 
application, three thin specimens are placed so as to 
separate two optically flat transparent plates that are 
illuminated with parallel monochromatic light per- 
pendicular to the plane of their faces. If the plates 
are nearly parallel, the light reflected from the bottom 
surface of the top plate interferes with that reflected 
from the top surface of the bottom plate either con- 
structively or destructively to form a pattern of inter- 
ference fringes. Now, if the thickneses of the speci- 
mens change with a variation in temperature, the 
separation of the plates will be altered, and there will 
be a corresponding variation in the fringe pattern as 
shown by a motion of the fringes. The fringes are 
observed in a suitable optical system, and the number 
passing a given point in the field of view is counted. 
Then the change in separation of the plates at the point 
of observation, and hence the change in length of the 
specimen near that point, is given by the following 
relation: 


ray 
eg 


where Al is the change in separation, AN is the number 
of fringes passing the point cf reference, and X is the 
wavelength of the light used. 


Because the visual interferometric method requires 
the continuous and undivided attention of an operator, 
it has not been widely adopted. To avoid the tedious 
counting of fringes, various photographic methods have 
been tried. However, these methods all involve the 
processing of photographic film, and the data must 
still be plotted by hand. The NBS photoelectric inter- 
ferometer eliminates all hand operations, presenting the 
plotted data on a record chart in a form suitable for 
immediate determination of transition temperatures 
and for estimation of coefficients of expansion. 

In the NBS device, a photomultiplier tube is used to 
detect the changes in light intensity at a reference 
point in the fringe pattern as the fringes move past 
this point. The amplified output of the tube is auto- 
matically plotted against time on a strip chart recorder, 
which is useful in monitoring the phototube output. A 
switch actuated by the recorder movement produces a 
current pulse upon the passage of each fringe. This 
current pulse actuates a mechanism that moves the 
chart of a second recorder a unit distance for each 
fringe. At the same time the pen of the second re- 
corder is actuated by changes in the temperature of 
the specimen, as indicated by the emf of a thermocouple 
embedded in a piece of material similar in size to the 
specimen and similarly located. Since changes in 
fringe count are proportional to changes in length, the 


A recording photoelectric interferometer recently developed by NBS greatly facilitates the determination of transition 


temperatures in high polymers. 


Three thin polymeric specimens separate interferometer plates placed within the 


insulated chamber (right). Light from a helium tube is reflected by the interferometer plates to produce interfer- 


ence fringes. 


Changes in the fringe pattern, which correspond to dimensional changes in a specimen, are detected 


by a photomultiplier tube (extreme right) and are automatically plotted on a recorder against the measured tempera- 


ture of the specimen. 


The long-necked flask in front of the recorder contains liquid air for cooling the specimens, 


and the dewar to the right of this flask contains one junction of a thermocouple for measuring specimen temperature. 
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record on the second recorder provides a plot of length 
of specimen versus temperature. 

In the interferometer constructed at NBS, a helium 
tube is used as a source of light. After traversing 
an iris diaphragm, which limits the effective size of the 
source, the light is rendered parallel by a lens and is 
then deviated and dispersed in passing through a 
Pellin-Broca prism. By changing the orientation of 
the prism, light of a wavelength corresponding to one 
of the spectral lines in the source may be made to fall 
perpendicularly upon the interferometer plates, which 
are located at or near the focal plane of the lens. The 
reflected light returns along nearly the same path to 
form an image of the source at the iris diaphragm. The 
image of the interferometer with its interference fringes 
is observed through a converging lens system. 

For a satisfactory fringe pattern, the interferometer 
plates must be parallel within a few wavelengths of 
light. Otherwise too many fringes will be observed, 
making ceunting difficult or impossible. To adjust the 


plates more easily for parallelism, quartz wedges are 
placed between the lower interferometer plate and the 
sample. The separation of the plates can then be 
varied slightly at each of the specimens by moving the 
corresponding wedge in or out. This adjustment can 
be made while the specimen holder is enclosed in a 
thermostat. Use of the wedges simplifies considerably 
the preparation of the specimens, permitting wider tol- 
erances in their thicknesses. 

The NBS photoelectric interferometer is particularly 
well adapted to survey work where transitions must be 
located rapidly in a large number of materials. The 
data can be processed with a minimum of effort, and a 
precision of +0.5 deg C or better in the location of 
transition points can be realized. Values of coefficient 
of expansion thus obtained for rubberlike materials are 
reproducible to at least +5 percent. 

For further technical details, see A photoelectric 
recording interferometer for measurement of dimensional 


changes, by Richard N. Work, J. Research NBS 47, 80 
(1951) RP2230. 


A Gain Stabilized Mixer 


ASEM type of feedback mixer that will retain 
gain calibration over a reasonably long period 
of time has been developed recently at the National 
Bureau of Standards. The device helps correct the 
serious defect of long-time calibration instability com- 
mon to many units used for the continuous recording 
of radio field intensity. The mixer is equally appli- 
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cable to other types of frequency-selective measuring 
equipment. The gain stabilized mixer was developed 
by Gail E. Boggs and is one phase of an over-all study 
conducted by the NBS Central Radio Propagation 
Laboratory, which is devoted to design, construction, 
and testing of radio field intensity recording units. 

In the operation of the NBS circuit, gain stabilization 
is brought about by using, as negative feedback, the 
difference frequency voltage from the output of a 
superheterodyne mixer. As an approximate explana- 
tion of its performance, the mixer tube may be con- 
sidered similar to a voltage feedback i-f amplifier. 
When a high degree of feedback is maintained, ex- 
cellent gain stability is achieved. The conversion gain 
is also stabilized to the extent that the conversion trans- 
conductance is linearly proportional to the average 
value of amplifier transconductance. 

When a high degree of feedback is employed, the 
gain is essentially not a function of the tube trans- 
conductances but is approximately proportional to the 
ratio of two constants determined by the switching or 
modulating function of the mixer tube. One constant 
relates to the average value of amplifier transcon- 
ductance, and the other refers to the conversion 
transconductance. Variations in the constants are 
chiefly due to tube aging but are also affected by such 
factors as changes in circuit impedances, oscillator and 
supply-voltage instability, and others. However, 
there is little effect upon the gain with feedback pro- 
vided both constants are similarly changed by approxi- 
mately the same percentages. This appears to be the 


case with tubes such as the 6SA7 and 6SB7-Y. With 


The normalized gain obtained by using the NBS gain 
stabilization principle on a mixer couple composed of a 
6SA7 and 6SK7 is compared with the gain in the circuit 
without stabilizing feedback (B=0). The magnitude of 
feedback is defined by the term 1+ B. 


other tube types there may be appreciable differences 
in the percentage change of the constants, resulting in 
a change in the center frequency voltage gain which 
had not been anticipated. This effect may be con- 
sidered as a limiting factor for stability improvements 
with some mixer tubes. Fortunately, the tubes used 
during the course of the NBS experimental work did 
not appear to suffer appreciably from this possible 
limitation. 

In an experimental single-stage circuit, a 6SB7—-Y 
was employed as the mixer tube. With a plate supply 
of 100 volts or greater (300 volts normal) and 26 
decibels of feedback, the gain variation was less than 
5 percent of that which would be experienced without 
feedback. This particular single-tube mixer experi- 
ment indicated that a large change in conversion trans- 
conductance resulted in a relatively small change in 
voltage gain. It should be noted that in order to 
substantially improve the gain stability, a relatively 
high degree of feedback is required. For this reason 
a tube with a high conversion transconductance should 
be selected. In addition, the tuned plate circuit should 
have a high impedance and a high Q if a relatively 
narrow bandwidth is desired. 

The gain stabilization principle may be extended to 
mixer couples or possibly to mixer triples as well. For 
example, if feedback is applied over two stages using 
practically obtainable coils of high Q, a relatively nar- 
row bandwidth with improved flatness will result. The 
feedback voltage is derived from the capacitive voltage 


divider of a tuned plate circuit and is returned to the 
cathode of the first stage through a parallel resonant 
circuit. The cathode return is used to obtain the cor- 
rect phase relationships. The resulting improvement 
in gain stability for the mixer couple operating at 3.75 
megacycles with 23 decibels of feedback is greater than 
that obtained in the single-tube circuit. 

When the mixer tube is operated with a fairly large 
cathode resistor, degeneration of both signal and oscil- 
lator voltages will be appreciable. To avoid this diffi- 
culty, the phase of the feedback voltage is reversed by 
suitable means and the feedback applied to the signal 
grid of the mixer. This circuit is similar to the mixer 
couple previously described, except that the feedback 
voltage returns to a junction between a parallel tuned 
grid circuit and a grounded shunt circuit composed of 
resistance, inductance, and capacitance. The purpose 
of this shunt-connected R, L, and C is to furnish the 
correct terminating impedance for the feedback circuit 
as well as to provide a sufficiently low impedance at the 
signal frequency to bypass the grid return. This ar- 
rangement has been used to maintain a constant feed- 
back ratio over a frequency range of 1 to 20 mega- 
cycles. 

Compared to a cascade, synchronous, single-tuned 
mixer-amplifier arrangement, the NBS mixer couple 
provides improved gain stability, increased gain-band- 
width product, and a gain-frequency characteristic that 
more nearly approaches an ideally rectangular shape. 


Spontaneous Ignition of Decomposing 
Nitrate Film 


| ee by the National Bureau of 

Standards have shown that spontaneous ignition of 
cellulose nitrate motion picture film can occur when 
such film is in an advanced stage of decomposition. 
Prior to this work it was generally believed that nitrate 
film would not ignite spontaneously at temperatures 
ordinarily encountered in a film vault. Tests made by 
A. C. Hutton of the NBS fire protection laboratory and 
conducted in cooperation with the National Archives 
have provided the necessary information to prevent re- 
occurrence of the severe fire losses to film and storage 
facilities that have been experienced in recent years. 

In New York City and adjacent areas during the 
abnormally hot summer of 1949, numerous fires oc- 
curred involving cellulose nitrate motion picture films. 
These fires started in processing and reclamation plants 
and in film storage facilities. Losses, other than those 
of real property, were great, the majority of the films 
destroyed being original negatives and master copies, 
some dating back to the “silent era”. In studying stor- 
age conditions, the National Archives and NBS engi- 
neers found no evidence that the fires were due to the 
negligence of personnel or the careless use of cigarettes 
or matches; instead, the fires appeared to have orig- 


inated through the spontaneous ignition of deteriorated 
nitrate films. 

At the request of the National Archives, therefore, 
the National Bureau of Standards instituted an in- 
vestigation of spontaneous ignition as an inherent haz- 
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Temperature build-up leading to spontaneous ignition 
of cellulose nitrate film. 
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ard with nitrate film. 
decomposition were supplied by the National Archives 
for the purpose of simulating conditions that may have 


Samples in various stages of 


prevailed at the fire locations. These samples were 
stored in a special chamber, the temperature of which 
was controlled and recorded. Each film was packed 
in an individual can which was in turn wrapped in 
mineral wool to retain the heat of the exothermic de- 
composition reaction. The ambient temperature in the 
chamber was initially 95° F and, at intervals, was in- 
creased by small increments, but always maintained be- 
low that of the reacting film. 

At a chamber temperature of 106° F, one roll of film 
in the more advanced stage of decomposition was found 
to be increasing in temperature at an accelerating rate. 
On the seventeenth day of storage, with the chamber 
temperature still at 106° F, ignition of the film oc- 
curred. Its temperature at the time had reached 140° 
F. Other rolls of film under the same test had slower 
rates of temperature increase. With the chamber held 
at 120° F, for example, another case of spontaneous 
ignition occurred when a roll ignited after self-heating 
tow 50". Ee 

Self-ignition temperature is dependent upon a num- 
ber of factors and therefore was not the same for any 
two samples. The lowest temperature leading to igni- 
tion was 106° F. Because the number of samples in- 
vestigated was small, it is dcubtful whether this is the 
lowest temperature at which a reel of deteriorating film 
will self-ignite. 

The results obtained in the NBS tests indicate that 
good film does not self-ignite at ordinary storage tem- 
peratures. In one of the government film depositeries 
large quantities of cellulose nitrate film have been 
stored in standard vaults in which the temperatures are 
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(A) 
Investigation has shown that decom- 
posing cellulose nitrate film will 
ignite spontaneously under come 
storage conditions. 


(B) 
Five stages of decomposition are 
recognized in deteriorating nitrate 
film. In the first and second (not 
shown), the whole film can be 
copied; in the third (B), small por- 
tions only. 


(C, D) 


Film in the fourth and fifth stages. 
is photographically worthless and. 
should be destroyed at once. 


maintained at ebout 70° F by an air-conditioning sys- 
tem. Several inspections of film in these vaults did 
not reveal evidence of sericus film decomposition. This 
indicates that relatively low temperatures will materi- 
ally decrease the possibility of a fire by spontaneous 
ignition and at the same time preserve the film for its 
intended purpose. 

The logical approach to safe storage is the removal 
of all film showing signs of deterioration. Such film 
can readily be found by scheduled inspections of stored 
film stocks. Inspecting persennel should be trained to 
recognize decomposing film by appearance, and to clas- 
sify its condition according to the following categories. 
In the first stage of deterioration the photographic por- 
tion usually shows an amber discoloration with fading 
of the picture image. In the second stage, the emulsion 
becomes adhesive and the film convolutions tend to stick 
together during unrolling. Film in the third stage of 
deterioration has portions that are soft, contain gas 
bubbles, and emit a distinctive noxious odor. In the 
fourth stage, the entire film is soft; its convolutions are 
welded into a single mass, and frequently its surface is 
covered with a viscous froth. The same noxious odor, 
only stronger, is in evidence. In the fifth and final 
stage, the film mass degenerates partially or entirely 
into a brownish acrid powder. 

Deteriorated film in the first and second stages is 
photographically reproducible. When the subject 
matter is important, the film can be copied and the 
original destroyed. If the material is not valuable, 
the film should be destroyed at once. Adhesiveness 
prevailing in deteriorating film often causes the emul- 
sion to become detached from the base while unrolling. 
Generally, this can be prevented by slowly unrolling the 
film in a bath of carbon tetrachloride under precise 


laboratory controls and in an adequately ventilated 
area. In the third stage, only small portions of the 
film may be reproducible. When of sufficient value, 
such portions should be separated and copied; the 
original should then be destroyed. Film in the fourth 
and fifth stages is photographically worthless and 
should be destroyed at once without further consider- 
ation. 

During the initial inspection of film storage facilities 
it is quite possible that a relatively high proportion of 
film in advanced stages of decomposition may be found. 
The opening of cans containing such film may liberate 
quantities of noxious and toxic gases into the working 
area. Personnel exposed to these gases often experi- 
ence nausea, headache, and other unpleasant symptoms 
if the ventilation is inadequate. Inspection personnel 
should therefore be given periodic rest periods in fresh 
air. 

When films in the third, fourth, and fifth stages of 
decomposition are designated for disposal, they should 
be submerged immediately in water-filled drums, car- 
ried to a remote, uninhabited area approved by fire 


authorities, and destroyed by burning. The area or 
ground on which the film is to be burned should be free 
of brush, grass, leaves, and combustible litter. Burn- 
ing should be confined to batches of not more than 25 
pounds, because the heat from larger amounts of film 
creates a strong updraft that may bear fragments of 
burning film considerable distances, thus endangering 
neighboring properties. Under no _ circumstances 
should films be burned in an inhabited area or within 
a building. The rapid production of gases during 
burning makes it extremely dangerous, particularly if 
the film is burned in a furnace or confined space. Dur- 
ing test fires in a well-vented vault, engineers of the 
Interagency Advisory Committee for Nitrate Film Vault 
Tests recorded pressures as high as 18 pounds per 
square inch. No ordinary furnace structure could with- 
stand such pressure; its breeching would fail, thus fill- 
ing the furnace room with flames and poisonous gases. 


For an earlier report on this work, see Spontaneous 
ignition of decomposing cellulose nitrate film by J. W. 
Cummings, A. C. Hutton, and H. Silfin, J. Soc. Motion 
Pic. and Television Engr. 54, 268 (March 1950). 


NBS Symposia 


Gravity Waves 


SYMPOSIUM on Gravity Waves was held on 

June 18, 19, and 20 at the National Bureau of 
Standards as part of the NBS Semicentennial program. 
More than 120 physicists, mathematicians, and engi- 
neers attended, representing universities, Government 
organizations, and oceanographic institutions. Thirty- 
two papers were presented, dealing with many differ- 
ent aspects of wave motion in the atmosphere, in water 
channels, and in the ocean. The program was under 
the joint chairmanship of K. H. Beij and G. H. 
Keulegan, of the NBS hydraulic laboratory. 

In recent years the requirements of the engineering 
profession and of the military services have brought 
about increased activity in both the theoretical and 
experimental study of gravity waves. As a result, the 
field now presents a very detailed and complex picture. 
Problems of protecting beaches, harbors, and tidal 
estuaries must deal with the action of waves on movable 
beds. This has led to studies of the limiting heights 
of waves, the diffraction and refraction of wave systems 
approaching coasts and harbors, the energy transfor- 
mations of incoming waves, the growth of waves under 
wind action and their dissipation with distance, and the 
stability of breakwaters and jetties under wave 
influences. 

Another important group of problems has to do with 
the routing of flood waves, surges involved in the con- 
trol of hydroelectric plants, the movement of water 
fronts on dry beds caused by the failure of dams, and 
the diversion of water into new channels. Of late, 
much interest has also been shown in problems of salt- 
water intrusion into rivers, estuaries, and internal 
navigation channels. 


While the papers presented at the symposium dealt 
with a wide variety of subjects, nearly all of them had 
some connection with such practical problems as those 
mentioned above. A majority of the papers empha- 
sized the mathematical approach, but a few dealt with 
experimental studies. The principal topics covered 
were reflection of waves, diffraction of waves, limiting 
waves, propagation of waves, observational methods, 
stability of waves in channels, wind waves, and internal 


Waves. 
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15-20 American Dental Association 
21-24 National Institute of Governmental 
Purchasing 
26-27 Institute of Mathematical Statistics 
Pq American Mathematical Society 
29-31 Conference on _ Electrical Insulation 


(National Research Council) 
—November— 


1— 3. American Physical Society (Division of 
Electron Physics) 
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Linear Inequalities and Programing 


PPROXIMATELY 150 mathematicians and other 
workers in the field of automatic computing at- 
tended a Symposium on Linear Inequalities and Pro- 
graming held in Washington on June 14, 15, and 16 
under the jcint sponsorship of the National Bureau of 
Standards and the Air Force. ‘The sessions of June 14 
and 16 met at NBS, while the June 15 meetings were 
held in the Pentagon Building. 

“Linear programing” problems arise in connection 
with management planning of procurement, training, 
budgeting, and similar functions. In general, they in- 
volve the determination of optimum procedures under 
a given set of conditions. The principal problem to be 
solved is the maximization of a linear function subject 
to a system of linear inequalities. This problem was 
dealt with in 14 lectures on mathematical theory, com- 
putational theory, and computational techniques. The 
remaining 10 lectures were concerned with applica- 
tions and gave some consideration to nonlinear 
programing. 

The problem of matrix inversion was covered by Dr. 
H. H. Goldstine (Institute for Advanced Study). 
Among the methods of inversion described were the 
iteration method for a symmetric positive definite ma- 
trix A, where | A | = 1; the Gram-Schmidt orthogon- 
alization process; the Gauss elimination process; 
special techniques for special types of matrices; and 
a method by Forsythe and Leibler that employs a Monte 
Carlo solution. Professor A. W. Tucker (Princeton 


Univ.) also gave a paper entitled, “Theorems of alter- 
natives for pairs of matrices”; some geometric inter- 
pretations and extensions were included. 

Dr. T. S. Motzkin (NBS) presented a paper on “New 
techniques for linear inequalities and optimization”, 
in which some of the methods involved in the numerical 
solution of each of these problems were briefly de- 
scribed, classified, and discussed. Estimates were 
given for the number of machine operations and the 
size of the memory required for one small and one 
fairly large coefficient matrix. 

An optimization problem of an economic nature was 
discussed in a paper entitled, “Efficiency prices as 
guides for decentralized decisions”, presented by Dr. 
G. Debreu (Cowles Comm.). Necessary and sufficient 
conditions for the minimization of physical resources 
used in a production situation were obtained, and a 
descriptive theory of a competitive system was given. 

In a talk on “Choice models and nonchoice models”, 
Professor W. W. Leontief (Harvard Univ.) discussed | 
three considerations in building an economic model. 
These were the translation of phenomena into a form 
that can be handled in a model, the location of a choice 
function and its alinement with the model, and the esti- 
mation or statement of the type of behavior to be used 
in the system. Choice occurs not only in the solution 
of a model with a maximizing function but also in col- 
lecting data and imposing limitations on the solution. 
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